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control are generally recognized as standard methods by ICC, AACC, ISO and different national standards. In comparison to rheological methods generally applicable in food quality control, dough rheological tests are probably the most diverse. The devices suitable to monitor the dough behaviour during different processing operations such as mixing, kneading, moulding, fermentation and baking have been developed. For example, Farinograph and Mixograph provide information about mixing properties of flour, whilst the rheological properties of the dough during moulding are assessed using Extensograph, Alveograph and recently introduced Kieffer dough and gluten extensibility rig, which measure rheological properties of dough in extension (e.g. dough strength and resistance to extension). Proving properties of dough (gas production and retention) can be monitor by Rheofermentometer and Maturograph. For monitoring of starch gelatinization properties and/or indirect determination of α-amylase activity, Amylograph and Falling Number techniques are employed.
The most of the instruments listed above, developed in the early days of dough rheology, have remained their original principle (Weipert, 2006) and thus their shortcomings. One of the newest rheological devices, called Mixolab, has overcome some of the problems encountered with other empirical rheological instruments. The Mixolab System measures dough behaviour during mixing and heating, which enables determination of both protein and starch contribution to dough rheological properties in a single test. Therefore, it is able to perform continuous measurement throughout a simulated baking process, which means that one can use the same instrument for several applications. The aim of this study is to give a review on the empirical rheological instruments, their principles and techniques and interpretation of results by comparing various international and national standards. Moreover, the demands to change the parameters interpretation along the changes in wheat cultivars over time and varieties in different regions will be discussed. The special emphases will be given on the influence of climatic changes on the rheological quality parameters of Serbian wheat flour. The past and current studies employing empirical rheological tests, the correlation between different empirical rheological parameters, as well as their correlation to sensory attributes will be also presented.
Mixing and kneading devices
Mixing is very important operation in wheat flour processing. During this phase, hydratation of flour particles and formation of three-dimensional viscoelastic gluten network from glutenin and gliadin components occur. The rheological changes, which occur in gluten structure during mixing, greatly determine the final product quality (Dobraszczyk & Morgenstern, 2003) . The most important empirical rheological devices used to monitor the behaviour of dough during mixing and kneading are Farinograph and Mixograph.
Farinograph
The most popular and accepted device for measuring dough physical properties is Brabender Farinograph. It measures and records the mechanical resistance of the dough during mixing and kneading. Physical properties of dough are measured by placing a defined mass of flour in a tempered (30°C) mixing bowl equipped with two Z type kneaders. Depending on the available quantity of flour, tests can be performed in 300g, 50g
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The Role of Empirical Rheology in Flour Quality Control 337 and 10g mixing bowls. In order to obtain the dough, which rheological properties are actually measured, water is added to the flour in amount which ensures the dough consistency of 500 BU (arbitrary Brabender units). The working principle of Farinograph, as well as, the interpretation of resulting curves is described in details in different official metods (ICC 115/1, . Also, it is within the scope of different national standards, where Serbian national standard, which had previously been taken from Hungarian, is one of them. The main difference between all of them lies in the interpretation of resulting diagram, i.e. in definition of obtained values. The Farinogram parameter which has the greatest practical value is the water absorption. Water absorption is directly related to the yield of finished bakery product and it is one of the most important parameters in assessing the "flour strength" and in product price calculations. According to ICC method, dough development time is the elapsed time from the beginning of the kneading until maximum consistency is achieved. Dough stability represents the time during which the maximum dough consistency does not change or changes very little. The degree of softening can be described as the distance between the centre of the curve at the end of analysis time and the central line which passes through the maximum of the curve. Different approaches of the evaluation of the obtained Farinograms suggested by ICC (ICC Standards, 1996) , AACC (AACC methods, 2000) and by actual Serbian method (Serbian official methods, 1988) are shown in Figure 1 . 
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The different duration of measurement makes the first difference between the methods. According to ICC method (ICC standards, 1996) measurement lasts 12 minutes from the end of development time. However, according to AACC method Farinograph measurement lasts 5 minutes after reaching the maximum consistency of the dough (peak time) in the case of dough with weak gluten, or until the consistency of the dough falls below 500 BU (departure time). Serbian method proposes that Farinograph measurements are performed during the same time interval regardless of flour quality, i.e. 15 min from the water addition. Water absorption is measured identically in all methods. Dough development time, stability and degree of softening are evaluated differently as it can be seen in Figure 1 . Farinograph water absorption is mainly influenced by the properties of flour main components: gluten and starch. In order to be properly interpreted, it must be compared to the other Farinograph parameters. Thus, high water absorption, combined with low degree of softening indicates good quality flour, whereas a high water absorption combined with a high degree of softening indicates poor quality flour. Dough development time depends on the gluten quality, starch granule size and degree of starch damage. Furthermore, dough development time increases with the increase in the proteolytical degradation of protein. It also increases with a decrease in the size of starch granule and the increase in the content of damaged starch due to the increase in specific surface area which absorbs water. The stability and the degree of softening are the gluten quality parameters which describe the viscoelastic properties of formed gluten complex. In practice, higher stability and lower degree of softening indicate that dough will be more able to sustain long mechanical processing treatments. Increased degree of softening is particularly important indicator of proteolytic degradation of gluten. Farinograph also enables monitoring the influence of additives, and thus allows optimization of flour processing in terms of standardization of flour quality produced from raw materials of variable quality. Flour quality is defined and classified differently in European countries depending on its end-use purpose. In Serbian method, the quality number (Figure 1 ) represents the area enclosed by line passing through the centre of the Farinograph curve and the central line which passes through the maximum of the curve (500±10 FU). According to the value of the area, wheat flours are classified into six quality classes: A1 (0-1.4 cm 2 ), A2 (1.5-5.5 cm 2 ), B1 (5.6-12.1 cm 2 ), B2 (12.2-17.6 cm 2 ), C1 (17.7-27.4 cm 2 ) and C2 (27.5-50 cm 2 ). However, due to the breeding process and the development of new varieties, the existing ranges of Farinograph parameter values which classified the flour into good or bad, have to be redefined to accurately access the quality of flour. According to the results of the research performed during the past decade in our laboratory (Torbica et al., 2010a) , the quality of wheat varieties cultivated in Serbia was strongly affected by climatic changes and global warming. Namely, frequent occurrence of heat stress changed the course of biosynthesis of gluten complex proteins in the direction of synthesis of larger amounts of gliadin in relation to glutenin. Moreover, concerning the starch component, large quantities of larger starch granules (A granules) were synthesized rather than small starch granules (B granules). As it can be seen in Figure 2 , the average value of the water absorption was almost unchanged in the examined period of time, while in the last five years the average values of the degree of softening were increased. This resulted in reduction of the flour quality from B1 to B2 quality class (Torbica et al., 2011) . Although the Farinograph has been the most commonly used device for monitoring the physical properties of dough in order to assess flour quality, its implementation has been improved. Newly introduced the Farinograph-AT allows determination of dough properties by the mixer blades of different profiles, has the ability to change the mixing speed and temperature of mixing bowl. Due to this fact, it has already found its place in research and development laboratories.
Mixograph
Similary to Farinograph, Mixograph is a rheological device that measures the dough resistance during kneading. However, these two instruments differ in kneading process and in intensity of mechanical stress applied on dough during the analysis. The Farinograph method requires dough kneading until consistency of 500 BU is reached, while Mixograph always operates with a constant amount of water which resulted in dough of different consistency (Weipert, 1990; Mann et al., 2008) . The difference in the dough mechanical treatments in Mixograph compared to Farinograph measurements is reflected in the different curve profile i.e. the obtained curves are characterized by different curve width. Although Mixograph monitors identical properties of dough as Farinogram does, the obtained parameters are not equivalent. A major drawback for the wider Mixograph application is its impossibility to determine water absorption due to Mixograph principle to operate with constant amount of water, as reported in AACC 54-40A (AACC methods, 2000). The major advantage of the Mixograph method is that it is not time consuming and it requires small amount of flour sample (2g, 10 g and 35 g depending on mixing bowls). Therefore, this method remained traditional among breeders, who handle with small amounts of sample, and for whom this method was initially designed (Graybosch et al., 2011) .
Fermentation recording devices
However, for a bread dough, fermentation is an important step in processing chain where the expansion of air bubbles incorporated during mixing led to formation of aerated crumb structure which appearance greatly contribute to sensory assessment and consumers acceptability of bread (Dobraszczyk et al., 2000) . There are different types of devices which measure dough fermentation parameters. The changes in the dough volume are monitored by Brabender Maturograph and Oven Rise Recorder, while the formation of CO 2 in dough is recorded using Brabender Fermentograph. Unlike the listed equipment, Chopin Rheofermentometer allows simultaneous measurement of dough height during fermentation and interaction of CO 2 development and retention.
Rheofermentometer
Chopin Rheofermentometer is the unique device which provides information about dough properties that traditionally have been obtained by employing several different tests, i.e. by combination of at least two analyses such are Maturograph and Fermentograph. Moreover, it indirectly correlates with the Farinograph measurements. Rheofermentometer allows evaluation of flour fermentation capacity, yeast activity and indirectly indicates the quality of gluten complex proteins. The parameters are measured in real time (3 h) during which two curves are simultaneously generated: the first one that describes the dough development and the second one describing the volume of CO 2 which retains in the dough as well as the volume and the time of CO 2 release, which also represents the appearance time of dough porosity (T x parameter). At the end of the Rheofermentometer analysis all the values are automatically calculated by microprocessor (Lallemand, 1996; Ktenioudaki et al., 2011) . The basic parameters of Rheofermentometer curves are shown in Figure 3 . Rheofermetometer analysis of flour and dough enables accurate simulation of processing conditions during production of baked goods containing yeast. Moreover, it is possible to precisely calculate the amount of necessary additives (oxidizing and reducing agents, emulsifiers, enzymes) in order to optimize production processes. During the past decade, our researches indicated that prediction of the quality of the final product, based only on Extensograph and Alveograph measurements was pretty uncertain. The harvest of wheat crop in 2008 in Serbia showed that the energy values estimated by Extensograph were very heterogeneous. Therefore, for the research purposes two flour mixtures were formed. The first flour mixture had the Extensograph energy value of 58 cm 2 and Alveograph deformation energy W=159 x 10 -4 J. Amylograph peak viscosity was 285 BU; flour mixture 1 was estimated as A2 Farinograph quality group, with a favourable ratio of dough development and stability value and the degree of softening of 55 BU. Rheofermentometer curve showed that the dough after the fermentation completely retained 87% of the total CO 2 produced. The maximum dough volume of 1186 ml was reached after 58.9 min, dough tolerance during fermentation was 58 min and 30 s, and porosity was estimated after 1 hour, 25 minutes and 30 seconds. Another flour mixture had the Extensograph energy value of 26 cm 2 and Alveograph deformation energy W=115x10 -4 J. Amylograph peak viscosity was 315 BU and a flour mixture was estimated as B1 Farinograph quality group with a favourable dough development and stability value and the degree of softening of 60 BU. Rheofermentometer curve indicated that the dough after the fermentation completely retained 88% of the total CO 2 produced. The maximum volume of 1112 ml was reached after 54.9 min, dough tolerance during fermentation was 34 min and 30 s, and porosity was estimated after 1 hour 52 minutes and 30 seconds. Performed experiments have shown the importance of flour or dough characterization by Rheofermentometer. Namely, it is evident that the two examined flour mixtures tested by Rheofermentometer showed similar properties although they possessed different parameters obtained by Extensograph and Alveograph. However, the sensory analyses of baked products confirmed the results obtained by Rheofermentometer. Bread made of flour mixture 1 had a specific volume of 4.63 ml/g, good elasticity, somewhat rough pores and light dark, shiny crust. The addition of improvers in the flour mixture resulted in a product having slightly higher specific volume while the other quality parameters were rated with the highest score (5). Bread made of flour mixture 2 had a specific volume of 4.22 ml/g, poor elasticity, rough pores and light dark, shiny crust. The addition of improvers in the flour mixture resulted in a bread having much higher specific volume while the other parameters of sensory evaluation were scored with 4.3 points. Similar sensory quality of bread samples produced from flour mixtures 1 and 2 confirmed that the assessment of flour quality using Rheofermentometer was reliable and necessary to precisely evaluate the flour quality.
Extensional techniques
Extensibility represents the most unique property of wheat dough, which enables getting characteristic structure and volume of the baked products. This property is enabled by the presence of gluten complex proteins (Kieffer, 2006) . Extensibility tests are typically conducted on wheat dough to evaluate its tensile strength and extensibility characteristics which are heavily dependent on the protein quality (Dobraszczyk & Morgenstern, 2003) . Also, a great concern for the extensibility of wheat dough has been influenced by the relevance of the extensibility to baking performance and the final product quality (Cauvain & Young, 1998; Grausgruber et al., 2002; Sahin & Sumnu, 2006) . In this regard, the baking performance is influenced by the interrelation between the maximum resistance and extensibility, since it is indirectly responsible for the extent of the expansion during the fermentation process (Anderssen et al., 2004) . In extensibility tests, a shaped dough piece is submitted to large deformations until rupture occurs. Simultaneously, the resistance that occurs in a dough during stretching is recorded, providing the data relevant to the assessment of dough handling behavior and baking performance (e.g. resistance to large deformations and stretching suitability) (Grausgruber et al., 2002; Vergnes et al., 2003; Nash et al., 2006) . To measure the extensional properties of dough, two types of extensional test are generally applied:
• The measurement of uniaxial extension, where dough is stretched in one direction, and •
The measurement of biaxial extension, where the dough is stretched in two opposing directions, which can be achieved either by compression between lubricated surfaces or by bubble inflation (Dobraszczyk & Morgenstern, 2003; Abang Zaidel et al., 2010 ) which both measure power input during dough development caused by extensional deformation (Sahin & Sumnu, 2006) . The measurement of uniaxial extension is one of the most widely used test principle to measure materials properties. The methods are performed by clamping a strip of material at both ends, its stretching at a fixed rate in a suitable testing device, and by recording the force-extension curve. The most commmon methods used for measurement of the uniaxial extensional properties of doughs are Brabender Extensograph and Stable Micro Systems Kieffer dough and gluten extensibility rig (Dobraszczyk, 2004) . The measurement of biaxial extension implies stretching a dough piece at equal rates in two perpendicular directions in one plane. The most widely used principle in the measurement of biaxial extension properties of dough is based on inflation technique (e.g. bubble expanding) as in Alveograph method (Dobraszczyk, 2004; Sahin & Sumnu, 2006) . The Alveograph method measures the resistance to biaxial extension of a thin sheet of dough prepared from flour, water and salt, generally at a constant hydration level, although the measurements could be performed at adapted hydration as it is the case with the Alveoconsistograph method. From the above mentioned it follows that the extensibility tests that are in common use are carried out by the fundamentally different measuring equipment, although the resulting curves equally describe the extensional work, resistance to extension and extensibility of the tested dough (Weipert, 2006) .
Extensograph
The Brabender Extensograph is an internationally accepted standard method that is in compliance with ISO 5530-2, ICC 114/1, AACC 54-10. It is applicable for measurement of physical properties of dough subjected to mechanical handling and resting. Precisely, an Extensograph provides information about dough resistance to stretching and extensibility by measuring the force to pull a hook through a cylindrically shaped piece of dough. During the measurement the resistance of dough to stretching and the distance the dough stretches before breaking is recorded in the form of diagram extensogram. Measurement procedure comprises of several steps: Stretching the dough pieces until they rupture and recording the extensibility of the dough and its resistance to stretching (Kent & Evers, 1994; Rasper & Walker, 2000; Sahin & Sumnu, 2006) .
Fig. 4. Extensograph curve
The data obtained from the extensogram (Figure 4) include: 1. The maximum resistance (R max ), or the resistance at constant deformation usually corresponds to the height of the curve at 50 mm from the beginning of stretching (R 50 ). The latter is preferably expressed within the cereal testing laboratories since it represents the resistance at a fixed extension for all tested doughs. This parameter is expressed in Brabender units. 2. The dough extensibility (E) expressed in mm, which represents the distance of stretching before rupture. 3. The ratio of resistance to extensibility. High ratio indicates the short gluten properties resulting in low volume of baked products. 4. The area under the curve, which is proportional to the energy required to stretch the test piece to its rupture point. This parameter, expressed in cm 2 , is a convenient single figure for characterizing flour strength. The stronger the flour, the more energy is required to stretch the dough. The shape of extensogram curve gives an indication of results that could be expected for baking performance (Freund & Kim, 2006) . For example the shape of the extensogram curve gives an indication of the appearance of the cross section of the loaf of bread. Curves characterized by low resistance to extension indicates the small baking volume and vice versa. Hence, the dough with the balanced ratio between the resistance and extensibility is considered as a raw material of a suitable quality for baking production. It can be also used, in the same way as Farinograph, for monitoring the influence of additives on the physical properties of dough. During the last decade, the average value of extensibility parameters of wheat dough have been significantly deteriorated and at the same time being characterized by wide ranges of (Torbica et al., 2011) . Moreover, in 2004 there were significant amount of samples with the energy values that could not be registered. On the basis of common interpretation of extensogram, very bad baking performance could be expected, which was only partially confirmed. However, the samples with destroyed protein structure as a result of wheat bug damage were characterized by very bad baking performance that could not be improved by using baking improvers. On the other hand, there were flour samples damaged by inappropriate climate conditions during growth (e.g. heat stress) that demonstrated quite satisfactory baking performance. These samples were characterized by higher gliadin content in relation to common values. Altered ratio of gliadin and glutenin caused extremely increased extensibility of dough, but with the use of baking improvers satisfactory baking performance was enabled (Torbica et al., 2007) . Based on the experience of examined time period, and the fact that wheat breeders have developed varieties with lower but more focused protein content we would like to point out that the energy values of the extensogram can not be interpreted as in previous decades in the evaluation of technological wheat quality (Anderssen et al., 2004; Torbica et al., 2011) . Also, it stresses the need to increase the understanding of the parameters obtained in extensibility tests and its relevance to baking perfomance, and on the other hand to relate the gliadin content and ratio of gliadin and glutenin to extensional properties of wheat dough.
Alveograph
The Chopin Alveograph is an internationally accepted standard method that is in compliance with ISO 27971, 5530-2, ICC 121, AACC 54-30A. An Alveograph, provides similar information as Extensograph does, by measuring the pressure required to blow a bubble in a sheeted piece of dough. The phases of the Alveograph method simulate the sheeting, rounding and molding of the dough pieces during baking process. The five dough pieces are prepared by mixing and extruding, followed by shaping into small discs which are then left for resting during 20 minutes. After that, air is blown under the disk at a constant rate creating a bubble. The pressure inside the bubble is recorded until the bubble ruptures creating the alveogram (Figure 6 ) giving the data relating to the dough's resistance to deformation such as (Vergnes et al., 2003; Sahin & Sumnu, 2006; Dubois et al., 2008) : Fig. 6 . Alveograph curve 1. Overpressure (P) is measured as the maximum height of the alveogram multiplied by the correction of 1.1 for the difference between the geometry of old water manometer and inner vertical tube of the manometer. This parameter is expressed in mm H 2 O and is commonly used in the interpretation of the results of Alveograph method. Generally, it is considered as an indicator of the dough's tenacity. 2. Average abscissa to rupture (L) represents the average length of the alveogram from the point in which the bubble starts to inflate to the point in which the bubble ruptures. The L value is generally related to dough extensibility and predicts the handling properties of the dough. It is expressed in mm 3. Configuration ratio (P/L) indicates the shape of alveogram 4. Swelling index (G) represents the square root of the air volume needed to rupture the dough bubble. This value is the measure of dough extensibility. 5. Elasticity index (Ie) 6. Deformation energy (W) represents the energy needed for the dough piece inflation until rupture, expressed in 10 -4 J. The W value is related to the baking "strength" of the flour. This parameter has the uppermost significance in the interpretation of alveogram since it summaries all the others (Bordes et al., 2008) . In general, strong flours are characterized by high H and W and low or medium L values. Particularly, the suitability of certain wheat/flour for intended purpose on the basis of alveogram values depends between different countries and is influenced by the availability of raw material of certain quality (Vergnes et al., 2003; Dubois et al., 2008) . Thus, by performing the quality testing of bread wheat cultivars from worldwide core collection, Bordes at al. (2008) classified available wheat cultivars on the basis of alveogram parameters. It was also previously done by Aldovrandi & Vitali (1995) . P values for standard wheat quality range 60-80 mm H 2 O, very good wheat quality 80-100 mm H 2 O, whilst extra strong wheats are characterized by P value higher than 100 mm H 2 O. Moreover, the L of 100 mm is generally considered as good, although some applications require higher values (e.g. biscuit production). The configuration ratio is commonly used in wheat trade where value of 0.50 indicates either resistant and very extensible dough or moderately extensible less resistant dough. Furthermore, value of 1.50 indicates very strong and moderately extensible dough, whilst raw material with P/L value in the range 0.40-0.80 is suitable for bakery production. Wheat suitable for confectionary products should exhibit P/L value lower than 0.50. Concerning the interpretation of W value for confectionary wheat is characterized by W value lower than 115 (* 10 -4 J), standard quality wheat is characterized by W value in range 160-200, whilst good quality wheat and improving wheat are characterized by W value in the range 220-300 and higher than 300, respectively (Bordes et al., 2008) . Traditional measurements of the properties of durum dough for pasta production include the application of the Alveograph method. Indicators of suitable durum wheat quality for pasta production determined by Alveograph include P/L values in the range 1.5-2.5 and W values in the range 200-250, or even higher than 300 for superior pasta quality (Marchylo & Dexter, 2001) . It is common that parameters derived from the Alveogram are used for selection purposes and wheat grading throughout the wheat storage and milling sectors and bakery companies worldwide. Physical dough tests such as Extensograph and Alveograph are used in various parts of the world to give an indication of dough mixing characteristics. Although the application of Extensograph and Alveograph in flour quality control is more culture related, the data they produce can equally be used to help the baker better utilize the tested flour. They are primarily used in Germany, France, and the British Isles, and their respective former colonies (De Bry, 2006; Khan & Nygard, 2006) . The Alveograph is mainly used in the Mediterranean countries, certain parts of South America and former French colonies in Africa. The main difference in the Extensograph and Alveograph method is that the Alveograph assumes the constant hydratation resulting in dough of different consistency. Unlike the Alveograph, the Extensograph method assumes the adjusted hydratation resulting in dough of equal consistency. The main limitation on the use of Extensograph and Alveograph method is the large amount of sample that is required which is limiting factor in application of these methods in breeding programs. This situation has initiated the attempts to develop the micro-extensograph methods that proved to be significantly correlated with standard Extensograph method despite the differences in the mass and shape of dough pieces and hooked speed used for stretching (Grausgruber et al., 2002; Anderssen et al., 2004; Uthayakumaran et al., 2004 ) Also, none of these give rheological data in fundamental units of stress and strain, because the sample geometry is not defined, dimensions change extensively and nonuniformly during testing, which makes impossible to define any rheological parameters such as stress, strain, strain rate, modulus, or viscosity (Dobraszczyk, 2004) .
Kieffer dough and gluten extensibility rig
Another piece of equipment developed for the measurement of uniaxal extension of dough is Kieffer extensibility rig for the TA.TX2i texture analyzer. It uses the same principle as Extensograph, except that the sample is stretched upwards. It enables extensibility measurement of both dough and gluten which represents its additional advantage. Apart from that, it require small quantities of sample (cca 0.8 g), the force is expressed in Newton and the speed of the hook is adjustable (Nash et al., 2006; Abang Zaidel et al., 2008; Abang Zaidel et al., 2010) . However, in comparison to the Extensograph, the Kieffer rig is characterized by worse reproducibility (coefficient of variation extensibility in the range of 2-12% compared to coefficient of variation 2-7% obtained by Extensograph (Ktenioudaki et al., 2011) .
Fig. 7. Kieffer force-distance curve
The data obtained from the Kieffer force-distance curve ( Figure 7) include: 1. Maximum force (g) 2. Maximum extensibility (mm) 3. Area under the force vs. distance curve (mm 2 ) (Dobraszczyk & Salmanowicz, 2008) . It was reported that the parameters obtained by using the Kieffer extensibility rig were significantly correlated with the Extensograph parameters especially those related to the strength of dough (Suchy et al., 2000; Grausgruber et al., 2002; Mann et al., 2005; Ktenioudaki et al., 2011) . The reason why the extensibility parameters were not exhibit such a high correlation as strength parameters was explained by the differences in the sample size and strain rate between the two methods (Ktenioudaki et al., 2011).
Devices for monitoring the properties of carbohydrate complex
The term dough rheology is mostly connected to protein component of dough. However, starch, as the major component (75-80%), also contributes to the formation of texture and quality of bakery products, since it dilutes the gluten, absorbs water from the gluten during gelatinization, and thus provides a bread structure permeable to gas which will not collapse while cooling (Miyazaki et al., 2006) . The properties of cereal starches, as well as the α-amylase activity at high temperatures are mostly examined by Brabender Amylograph and Hagberg-Perten Falling Number instruments. Besides that, in order to determine starch properties during heating and subsequent cooling Viscoamylograph and Rapid Visco Analyser are employed.
Amylograph
Pasting properties of wheat and rye flour starch, starch properties solely as well as α-enzymatic activity can be determined using Brabender Amylograph (Duisburg, Germany). The measurement principle consists of heating the flour (starch) suspension at constant speed rate of 1.5 °C/min to 95 °C or until the significant decrease of measured torque after www.intechopen.com Wide Spectra of Quality Control 348 the pasting peak is reached. The obtained results are influenced by different starch flour properties, milling conditions, α-enzymatic activity, different wheat or rye varieties and botanical source if starch is tested material. Generally, three parameters are recorded: gelatinization temperature, peak viscosity and temperature at peak viscosity that is presented in Figure 8 .
Fig. 8. Amylograph curve
Brabender Amylograph is approved and standardised method by ICC (ICC 126/1), AACC (AACC 22-10.01; old number AACC 22-10) and ISO (ISO 7973:1992) . Although the operational principle is basically similar, there are still minor differences between these methods, such as different concentration of flour suspension. α-enzymatic activity which can be especially found in wheat flour obtained from sprouted wheat grains and normally found in rye flour has large influences on liquefying starch paste during heating expressing consequently lower peak viscosity. Therefore, low peak viscosity can be ascribed to α-enzymatic activity and to starch properties as well. Wheat varieties, climate conditions and wheat milling process influence the pasting properties of tested flours. In order to study starch pasting properties solely, excluding the α-enzymatic effect, the Amylograph procedure can be modified. According to Mariotti et al. (2005) 1mM solution of AgNO 3 was used instead of distilled water which has been proved to be efficient alpha-amylase inhibitor. The obtained results showed that system prepared with AgNO 3 solution revealed significant increase in peak viscosity in comparison to system prepared with distilled water. On the other hand, milling conditions can cause mechanical damage of starch granules, especially during the milling of hard wheat varieties (Hoseney, 1994) . Damaged starch granules can absorb more water and are more susceptible to amylase attack which results in decrease in the peak viscosity (Léon et al., 2006) . Starch granule size and structure, amylase/amylopectin ratio and molecular weight also influence pasting properties of flours (Thomas & Atwell, 1999) . For example, large granule size influence higher viscosity but this effect is limited, because large granules of starch are more sensitive to shear and more easily destructible, especially if lower heating rates are applied. Heating rate of 1.5°C/min simulates the baking procedure (Mariotti et al., 2005) . Time-consuming measurement is one of the major drawbacks of the Amylograph method (cca. 45 min). Therefore, the Rapid Visco Analyser (RVA) as a rapid method for measuring degree of sprout damage in wheat was introduced (Ross et al., 1987) . However, the effect of α-amylase decreases as heating rate increase due to the shorter time available for enzyme that can act on starch granules which resulted in higher peak viscosities (Collado & Corke, 1999) . Also, if the applied shear rate is increased, starch granules are more easily destructible and final peak viscosities are lowered (Suh & Jane, 2003) . The results obtained by Amylograph are in arbitrary i.e. Brabender Units (BU) because precise measurements could not be achieved due to complex system geometry that makes the determination of flow field inside the cup very difficult. Also, shear rate is not uniform within the sample. Therefore, viscosity cannot be calculated from torque measurements (Lagarrigue & Alvarez, 2001) . Consequently, in order to keep conditions of shear rate and temperature conditions well defined and in order to obtain results expressed in viscosity units, rotational rheometers equipped with different measuring geometries were introduced. According to measurement performed in our laboratory significant correlation of peak viscosities was obtained by Brabender Amilograph and Haake Mars rheometer (Thermo Scientific, Germany). The Haake Mars measuring geometry consisted of Z40 measuring cup (43.4 mm diameter, 8 mm gap) and FL2B propeller shaped rotor with 2 blades. The concentration of flour-water suspension and heating rate was the same as it was in Amylograph measurements. However, significantly lower amount of wheat flour (cca 12.4g) was needed in comparison to ICC 126/1 Amylograph measurements (cca. 80g) (ICC Standards, 1996) . Twenty flour samples having different pasting properties were examined by Brabender Amylograph and Haake Mars rheometers and the correlation of 0.99 was obtained.
Falling number
The Falling number (FN) is a method used to determine α-amylase activity in meal, wholemeal and flour of wheat, rye, barley, as well as other cereals, starch containing and malted products. It measures time (expressed in seconds) required to stir and allow stirrer to fall through a hot aqueous flour or meal gel or starch gel undergoing liquefaction influenced by α-amylase activity. Pre-harvest sprouting represents one of the major reasons for high α-amylase activity. Therefore, lower falling number values -shorter time needed for stirrer to fall distance through a liquefied paste indicates higher α-amylase activity and vice versa. Falling number is a method which indicates the effect of a present α-amylase rather than the actual enzyme amount, i.e. any other parameter which could impact the viscosity can affect the falling number, too. Falling number test is also affected by endosperm quality; susceptibility of starch to α-amylase i.e. the ease of starch gelatinization and accessibility to enzyme activity (Best & Muller, 1990) . Increased α-amylase activity could cause problems in breadmaking which can be manifested in sticky dough, lower water absorption, crumb discolouration, mechanical handling breakdowns (Dimmock & Gooding, 2002 , as cited in Chamberlain et al., 1982 Gooding & Davies, 1997; Sorenson, 2006) . Also, pasta and noodle products are highly affected by α-amylase activity. Pasta/noodle produced from raw material of low FN is soft and mushy, cooking loss is increased and there are production problems regarding uneven extrusion, strand stretching and irregularities in drying (Kweon, 2010) . Falling number method is recognized by ICC (ICC 107/1), AACC (AACC 56-81.03) and ISO (ISO 3093). There are different factors affecting the falling number value: altitude, climate conditions, late maturity alpha amylase, fungicidal treatment, waxy wheat, fusarium infection, nitrogen fertilization rate. Therefore, altitude correction was incorporated in revised AACC method in 1982 (Lorenz & Wolt, 1981) . It was estimated that an average relative humidity of over 80% and a maximum daily temperature of below 13°C during grain filling affected decrease in the falling number to below 120 s (commercially acceptable starch quality). Also, average relative humidity fell below 70% and average maximum temperature above 16°C during grain filling affected increase in falling number over 230 s (bread wheat quality) (Karvonen et al., 1991) . Kettlewell (1999) proved that application of nitrogen fertilization affected the increase of Falling number in the absence of sprouting. In addition, it was estimated that the use of fungicides may reduce falling number (Ruske et al., 2004) , but this effect is cultivar dependent (Wang et al., 2004) . Falling number test can be also influenced by genotype variation. One of the extreme examples of genotype variation is implementation of waxy wheats that are characterized by lower amylose content (Graybosch et al., 2000) . Beside the pre-harvest sprouting which is known to affect low falling number, there are also a number of additional causes of low falling number such as late maturity α-amylase (Mares & Mrva, 2008) or prematurity α-amylase and retained pericarp α-amylase (Lunn et al., 2001 ).
Determination of mixing and heating properties of dough in one testMixolab
Although it is a relatively new device, introduced in 2004 by Chopin Technologies (Villeneuve la Garenne, France), it has already been within the scope of many scientific papers dealing with the assessment of dough rheological behaviour Collar et al., 2007; Kahraman et al., 2008) . Mixolab working principle comprises the combination of Farinograph and Amylograph methods (described earlier in the text). Moreover, Mixolab system offers additional application called Mixolab Simulator whose results correspond to values and units obtained by Farinograph. However, in contrast to Farinograph which works with the constant flour mass (50 or 300 g), Mixolab flour mass depends on a flour water absorption, where the parameter which is fixed is the dough mass (75 g). The difference between Amylograph measurements, which are performed using flour-water suspension, is that Mixolab monitors starch gelationization in water-limited dough system resembling the real baking conditions. The development of a Mixolab also represents a step toward expression of the consistency (measured as a torque) in a real SI unit (Nm), unlike arbitrary Brebender units. Namely, usage of arbitrary units is one of the major drawbacks of empirical rheological methods over the fundamental ones (Weipert, 1990; Dobraszczyk & Morgenstern, 2003) . Regardless the existing differences between the Mixolab and Farinograph, significant correlation was found between the obtained parameters (Dapčević et al., 2009 ), e.g. r = 0.98 for water absorption, r = 0.97 for dough development time. A significant correlation coefficient (r = 0.88) was determined between Amylograph peak viscosity and Mixolab C3 torque. Significant correlations were also found with parameters derived from Alveoconsistograph, Zeleny sedimentation and baking test (Kahraman et al., 2008) . Ţăin et al. (2008) determined that the bread's volume was significantly negatively correlated with C2 value (r = -0.76) and with C5-C4 value (r = -0.73). According to Kahraman et al. (2008) most of the Mixolab parameters (C2, C3, C4 and C5) were significantly correlated with cake volume index. In order to simulate the phases of the breadmaking process and thus to investigate the thermo-mechanical behaviour of the dough, Chopin+ protocol is generally employed. This
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The Role of Empirical Rheology in Flour Quality Control 351 protocol is integrated into Mixolab software and it is standardize as ICC 173, as well as AACC 54-60.01 method. It is very easy to operate with, since the software is guiding the operator through all the necessary steps. The first step is the determination of flour water absorption. For that purpose nearly 50 g of flour, of known moisture content, is placed into Mixolab bowl and kneaded between the two kneading arms in order to achieve a consistency of 1.1 Nm. Since the necessary consistency is rarely achieved in the first step, the correction has to be made with the new mass of flour, in order to obtain 75 g of dough of consistency of 1.1 Nm. Subsequently, the following procedure is performed: mixing the dough under controlled temperature of 30 °C during 8 minutes, followed by temperature sweep until 90 °C and a cooling step to 50 °C. Total duration of the second step is 45 min. Since, during 45 min the dough is subjected to mechanical and thermal constraints, the data concerning the quality of the protein network and the starch changes during heating and cooling can be obtained in a single test. A typical Mixolab profile is shown in Figure 9 . It can be divided into five different stages, depending on physicochemical phenomena which occur during that processing condition and which determine the rheological properties of the system. The first stage starts with an initial mixing (8 min) when the hydration of the flour compounds occurs, followed by the stretching and alignment of the proteins which led to the formation of a three-dimensional viscoelastic dough structure Huang et al., 2010) . During the first stage, an increase in the torque is observed until a maximum consistency (C1 = 1.1 Nm) at 30 ºC is reached. After that the dough is able to resist the deformation for some time, which is related to the dough stability. (Morris & Paulsen, 1985) which resulted in low Amylase index. This also affected the low Viscosity index. On contrary, low Viscosity index of sample 2008 was not the consequence of increased amylase activity, as it can be seen from high Amylase index value, but it was caused by a heat stress. Concerning the protein quality, both samples have shown low gluten strength as expressed in low values of Gluten+ index. Sample 2010 even exhibited very low Mixing index due to destroyed proteins structure as a result of the attacks of wheat bugs. Namely, sample 2010 contained 2% bug-damaged kernels where bug's proteolytic enzymes caused the breakdown of the gluten proteins during the breadmaking process (Olanca & Sivri, 2004) . 
Conclusion
In order to get more comprehensive insight into the structural changes during the dough processing, fundamental rheology has the greater advantages over the empirical rheology. Therefore, the basic rheometry is an important tool among cereal scientists. On contrary, ease in the interpretation and application of the result obtained by empirical rheology methods, as well as their high correlation with dough processing behaviour and end product quality, has made the descriptive rheological devices indispensable in cereal quality control laboratories and among cereal technologists. However, in order to get complete picture of dough behaviour during all breadmaking stages, one have to employ a wide range of different empirical rheological devices, which is very time consuming and requires large amount of sample. Therefore, the future trends in development of new dough empirical rheological instruments or attachments to existing devices would be the combination of different devices and principles in one instrument and reduction of the sample amount to a quantity which will still be able to imitate real processing and baking conditions.
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